Insights into the adsorption and energy transfer of Ag clusters on the AgCl(100) surface.
It is fundamental to uncover the real adsorption properties of Ag clusters on an AgCl surface and the energy transfer mechanisms at the interface to understand the highly active photocatalytic performance and the stability of the plasmonic photocatalyst Ag@AgCl. Based on density functional theory calculations we provide valuable insights into the binding nature of Ag clusters on AgCl surface, where the binding between Ag atoms in the cluster and on the surface plays a decisive role in determining the most stable adsorption configurations. Our results demonstrate that there is energy transfer from the plasmonic metals to substrate. The hot holes excited by the decay of surface plasmon resonance on the metals can diffuse into the Cl ions in the outermost two layers of the surface producing highly oxidative Cl atoms. The dipole-dipole interaction between the plasmonic metal clusters and substrate Cl ions can also generate electron-hole pairs in the surface layers. It is deduced that the positively charged nature of adsorbed clusters acting as electron trapping centers and reduction sites plays a crucial role in keeping the stability of the Ag@AgCl system during the photocatalytic process. Finally, the validity of the cluster adsorption model for energy transfer is verified with respect to the nucleation and aggregation process of Ag atoms on the AgCl surface and a detailed description of the formation and evolution of Ag nanoparticles on an AgCl surface is provided. The present study may be helpful for understanding and designing this novel plasmonic photocatalyst and can be useful for investigating other relevant photocatalysts as well.